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residue rubrics of other heart and circulatory disease. In addition to 
these cardiovascular categories the associated group included cancers 
of the oral cavity, esophagus, and bladder, and the benign conditions 
emphysema, gastric ulcer, and cirrhosis. 

The judgment relative to coronary disease is somewhat stronger 
than that relative to other conditions where a causal conclusion was 
not possible. The committee felt that a prudent course of action with 
respect to coronary disease should be based on a presumption of a 
causal association. Countermeasures should not be postponed while 
further refinement of the evidence is awaited. Subsequent data add 
strength to these conclusions, h • • • • 

■ * ' : " '•••• • ; •. Cause-Eitect Concept ” 

' The concept of cause that is appropriate to discussions of the rela¬ 
tion of smoking to illness should be considered here. 

I should like to distinguish two concepts which I shall cell the 
pragmatic concept and tl:e elaborated theory concept. Under the prag¬ 
matic concept a cause-effect relation cuists when delVjsrst-e rrr.r.lp:: 1 ’- 
tion of a series of preliminary aherr.atives'is followed by a stc:b:l:.:'.iy 
predictibU vzr.ztlcm in a second series of alternatives. The preliminary 
manipulation is referred to as the cause, and the outcome in the second 
series is referred to as the effect. In the present discussion a pragmatic 
cause-cfrcct would be proved if an investigator were to manipulate 
the smohir.3 habits of a green end if the predicted incidence of disease 
was to follow. It should fce noted that this concept dees not involve 
either a necessary or sufficient relation. To say that smelting causes 
coronary disease permits the possibility' that coronary disease occurs in 
some frequency in the absence of smelting. It also permits the possi¬ 
bility that some smokers, or even meet smokers, will not develop 
coronary di-erce. This -concept, says nothing about the mechanism cf 
the causal association. Finally the concept is of direct rimrincar.ee for 
public health action, since it indicates that a certain manipulation will 
improve health in some measure. * • ■ 

Under the elaborated theory concert a caurc-c fleet relation is estab¬ 
lished by demotutrating that the relation is a consequence of laws of 
basic science. The emphasis is on mechanism. The relation must gen¬ 
erally be stated in much more refined terms than “smoking” and “coro¬ 
nary disease.” For example, it may Le concluded that nicotine stimii- 
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latcs or paralyzes certain ganglia with a consequent alteration in pulse 
rate. This alteration may be inconsequential in normal hearts but may 
set off a further chain of events in hearts with previously damaged 
coroner)” arteries. The ultimate conclusion will be that smoking is 
followed by coronary heart disease under conditions that the smoke 
includes nicotine, the smoke is inhaled in specified concentrations, and 
the heart is previously damaged in some specified way. 

•f ’ A portion of the disagreement in the literature and in meetings 
such as this arises from a misunderstanding of which of these two 
cause-effect concepts is under discussion. A greater disagreement, how¬ 
ever, rests on a judgmental decision as to what evidence is necessary 
to accept either concept. ■ 

: • • Epidemiologic Evidence 

An extensive literature on associations between smoking and cardio¬ 
vascular disease is now available. I propose to comment on some ox the 
studies in this literature in which the unit of observation is a person 
and'h.which info.-mattr.: is collected to characterize persons as to state 
of health. There ere the studies which’ ere commonly referred to as 
epidemiologic studies. V/he.i these studies arc interpreted in terms of 
cause-effect relations the cause-effect concept is usually the pragmatic 


The proof of cause-effect would be established or rejected by deub- 
cr.ire!” maninularing the smoking habits of such persons and observing 
the results. Ido such studies have been made to" my knowledge. Con- 


cxreritr.rn ration. Others feel that proof can be cstab_;hed t.irough 
observational tudk t, but there is little agreement os to what sorts of 
observations arc rciU"‘rcd. - 

A cumber of schemes have been suggested for assuring such proof. 
Koch's postulates arc an early attempt, hut. are applic.u.c only v • • -n 
tlie camarivc event is cNp'- 'ie or nor.expcr.irc to living organisms. The 
surgeon general’s committee has proposed a. number cf conditions 
which must be satisfied. These include consistency, strength, specificity, 
and coherence of the association. The ultimate decision, however, is 
said to be judgmental, • , 
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In general the acceptability of proof depends on the degree to which 
observations may be said to mimic the manipulative experiment. Per¬ 
haps the. best example of such a “natural experiment” is the study that 
demonstrated a leuhemogcnic effect of ionizing radiation in the sum- 
vors in Hiroshima. "v,'*.* 1, .siL : ;.iLx ‘ ’’ • 

ry : Smoking and Cardiovascular Disease • ■ - v : 

There is no study of smelting effects which closely resembles this 
sort of natural experiment. In all available studies persons are charac¬ 
terized as nonsmokers, former smokers, light smokers, heavy smokers, 
inhalers, and as other descriptive types with re pcct to the smoking 
habit. There is no presumption that the assignment to such a category ■ 
was a chance event, end indeed some investigators have made it clear 
that the decision to smoke is not a chance event but is to a degree pre¬ 
dictable on the basis of characteristics present before the decision is 
nude, on the so-called constitutional characteristics. • . 

Wc have then associations between smoking and certain card’s- 
vascular diseases that arc technically and statistically satisfactory, in 
the sense that they would rarely occur by chance in our samnles if, 
in fact, smoking had nothing to do with these diseases. We have also 
associations between certain constitutional factors ax:d smelting, alto 
technically satisfactory. Wc may think of three possible c:—’ 'nations. 
First, the ccnarkutional factors may lead-to L-t:h smelting and.d* acre. 
Second, smelting may cause disease. Third, dkcase may cause nr.oklr.gt 
These three explanations may all be in c.Tect. 

If the constitutional. association were a vet)’ strong me, so that 
all or almost cl! smelters and ncnsrr.okers could be identified bv eye 
color, for example, then we could not support the c. wse-cfTect hv-oth- 
csis. Due in fact thc__ccn s .atutional erxeention Laves much room ii 
which to maneuver. Wc can find, for example, smukers at .1 nsmmokcrs 
within both vulnerable and r.unvrl .raide cv -..xi;utit.r.;! rvnas. 

When the diseases which arc accepted by the committee- as caurtl’v 
related arc studied it is found that, the relative risk is vc v high, 
often of the order of io to io. This in essence means that if the cattr-e- 
effcct explanation is correct, it accounts for a very large part cf these 
diseases. For example,, it is possible to sup;-.; -a that most lung cancer 
may be due to smoking and would be ahotthed bv the cu.asrinn of 
smoking. With the doubtful group, relative risks of the order of t.< to 
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, are found, and smoking, if causal, can be incriminated in only a 
small portion of the cases. No one can suppose that the abo.ttton of 
smoking would wipe out cardiovascular disease or even a very large 

P3r This low relative risk is no argument against the cause-effect hy- 
pothesis, but it does make it diScult to give convincing f :oof of t ie 
hypothesis. It opens the possibility that whatever factors “““ 
majority of these discoid are also responsible for-the- 
smoking. In the ease of lung cancer many of us find it hardto_beUae 
that we could have overlooked some confounding variables that are 
„ hi-hly correlated with both smoking and lung cancer. 1 vs* co.cM» 
vaseda/dbease there is the troublesome suspicion mat some rclam ely 

low-level association really may have been overloo tcd. 

The <>ror' as: sreumant derived from epidemiologic stue..s in f-vor 
1I.C- - w res-’ct to coronery disease is the 

of the causal lntcrpe-ocaucn \-itn t ■ / . , , j 

_ , . r *„i-with time after smekmg r> aoancosava. 

finemg nut too “ c0 rc;ans dscidas the debate. It may 

■!' i“. JnsthuncnO. tendency to smoke also governs 

fee tryp -'——. • jr.-Mn-i can <-tay away from tne 
tire Of ^f 5 'to to years 

K-lyit: 1 . wno sr.anegs to Se_) K . , ... ro 

may b= supposed to hare a low level of constitutional to 


c V i-'-c« has accumulated in recent years, tne comp.-nty 
/V T r^ry to contradict the causal hypothesis has 

of the hypo^--> ^ -rcf-kilin: of there complex argu- 

increared. U *« ~ - ] * j, ur ,u, ;ly that dl 

n.—*-* u — > *•> * ■ » „ . r-: cccir.^n v.r^n 

. uiicmuc i:. —mi ^,.,^,1.-,- J:;rnay many by 

srsdyi-.g * *' '."*** v With which teientlats should be familiar, 

pacpla. iv.:t uu * „ distrust among teientk-o Ffeawjr. 
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